Orientational and interaction induced dynamics in the isotropic phase of a liquid crystal: Polarization resolved ultrafast optical Kerr effect spectroscopy
Fast and dynamic switching of liquid-crystalline photochromic system birefringence induced by pulsed laser has been observed. The system consisted of photochromic molecules of 4-heptyl-4Ј-methoxyazobenzene showing liquid-crystalline nematic state close to the room temperature. Experiment of dynamic birefringence switching was done in optical Kerr effect ͑OKE͒ set-up, where for the sample excitation picosecond pulsed laser was used. Simultaneously, Heu Ne laser was served as a probe beam source. Measurements were done for different voltages applied to the sample. Rise time constant was in the range of microseconds. Full reversibility of the OKE signal was observed. © 2011 American Institute of Physics. ͓doi:10.1063/1.3559613͔
The search of easily processable organic materials, which could be used for the fast processing of optical information is one of the most important subject of modern photonics. Photoinduced anisotropy ͑birefringence͒ in liquidcrystalline and photochromic materials is the key feature of their use in retrieval of optical information and potential applications for optical switching, dynamic data storing, and reversible optical processing. [1] [2] [3] [4] [5] [6] [7] [8] The mechanism of photoinduced optical birefringence in liquid-crystalline photochromic materials is mostly based on the trans-cis-trans reversible photoisomerisation of azochromophores ͑derivatives of azobenzene͒, where the resonant polarized laser light is able to initiate the molecular reorientation of azochromofores, since the transition dipole moment of azobenzenes is along the molecular axis of elongated trans isomer. [9] [10] [11] Additionally, dynamic of molecular reorientation in the systems showing liquid-crystalline properties in some range of temperatures, can be amplified by external voltage, which forces the alignment of liquid crystalline molecules ͑e.g., being in nematic phase͒ along the electric field lines.
In this paper we report on dynamic switching of optical birefringence in a system consisting of pure liquid-crystalline photochromic molecules ͑instead of numerous similar photochromic materials but based on polymers͒ induced by pulsed laser in optical Kerr effect ͑OKE͒ experimental set-up. 12, 13 OKE belongs to the third order nonlinear processes resulting in material's photoinduced birefringence which can be achieved by interaction between electric field of linearly polarized pumping laser light and the molecules in the material. 8 The pumping beam produces birefringence in the material via molecular reorientations which introduces ellipticity to the initially linearly polarized probing beam incident at angle 45°to the pump. Change of linear polarization of the probe is caused by phase retardation between two perpendicular components of the polarization vector.
Induced maximum of birefringence ⌬n m is related to the accumulated by probe maximum change in phase ⌬ m as follows: 14, 15 
where: -wavelength of the probing beam, d-thickness of the sample, ⌬ m -maximum phase change which is the function of light exposure ͑product of light intensity͒. Studied compound, 4-heptyl-4Ј-methoxyazobenzene ͑7ABO1͒, has rodlike shape and exhibit a nematic phase in the range from T = 34°C to T = 63°C. More details about synthesis and liquid-crystalline properties of homologous series 4-heptyl-4Ј-alkyloxyazobenzenes were described in our earlier paper. 16 7ABO1 compound as all azobenzene derivates has photochromic properties and undergo a reversible trans-cis-trans geometrical isomerisation on uN v Nu double bond, upon the light illumination ͑Fig. 1͒.
For the measurements we have use specially designed liquid crystalline panel, where pure materials of liquida͒ Author to whom correspondence should be addressed. Electronic mail: jaroslaw.mysliwiec@pwr.wroc.pl. In order to investigate the influence of = 532 nm light on the liquid-crystalline samples, the picosecond pulsed neodymium doped yttrium aluminum garnet laser of energy E=1 mJ/ cm 2 has been used as excitation source. The pulsed OKE experimental set-up is schematically shown in Fig. 2 . Pulse duration at a wavelength of 532 nm is about 10 ps. The excitation light counter propagated through the sample film against a probe beam of wavelength = 632.8 nm. Detection of the birefringence induced in the sample located on a heating stage, where the temperature was fixed on T = 35°C ͑just above the melting into nematic phase of the 7ABO1 azomolecule͒, was via a crossed polarizer and analyzer system placed at = 632.8 nm of cw Heu Ne laser beam. These transmission axes were perpendicular to each other and at 45°azimuthal angle to the electric field direction of the ps laser excitation beam. A glass filter rejecting 532 nm light was placed on the fast photodiode head to ensure that only light coming from Heu Ne laser is detected. The fast pin photodiode, was connected to the oscilloscope ͑Tektronics, TDS 3034͒ enabling observation of light intensity changes after the picosecond pulsed laser light excitation. During the measurements, sample was connected to the voltage supplier enabled amplification of dynamic changes in induced birefringence in the liquid-crystalline probe.
A dynamic changes in photo and electrically induced birefringence in studied liquid-crystalline photochromic molecules panel in function of static dc voltages applied to the sample is presented in Fig. 3 . One can clearly observed that there is a strong dependence between the total time of the signal I s existence, after the single picosecond pulsed laser illumination, and voltage applied to the sample. The mechanism of induced birefringence can be divided on two parts ͑cf., Fig. 4͒ . The first one is related to the dynamic changes in refractive index ⌬n due to the pure molecular reorientation from ground A state ͑which corresponds to the population of molecules with no perpendicular alignment to the electric field͒ to B metastable ͑where alignment of the molecules is perpendicular to the electric field͒ and finally spontaneous relaxation to A ‫ء‬ state with characteristic time constants 1 and 2 . The second process is strictly related to absorption coefficient ⌬␣ changes due to the trans C to cis D photoisomerisation and then trans C ‫ء‬ photoisomerisation and relaxation of the uN v Nu double bond ͑cf., Fig. 1͒ with characteristic time constants 3 and 4 .
According to the Malus' law, measured OKE signal intensity I s is a function of both phase and amplitude processes:
where I 0 is the incoming Heu Ne light intensity and m is a parameter which takes into consideration light scattering on the liquid crystalline domains. It should be mentioned, that in Eq. ͑2͒, ⌬␣ is not only related to the absorption coefficient changes but is responsible also for the laser light scattering on the domains causing its partial depolarisation. The phase ⌬ and amplitude ⌬␣ processes can be described as follow:
Fitting experimental curves, using Eqs. ͑3a͒ and ͑3b͒ we are able to calculate characteristic time constants n of mentioned above processes, which are presented in Table I . The Table I͒ and using Eq. ͑1͒ we are able to estimate, the total changes in birefringence ⌬n m in studied material in function of voltage U. Results are presented in Table I . We can see that the maximum change in refractive index was ⌬n m = 0.1.
In summary, dynamic switching of optical birefringence in OKE experimental set-up was measured for liquid crystalline, in function of voltage applied to the sample. Very short switching time ͑in the range of microseconds͒ was observed. The mechanism of OKE signal formation and dynamic optical and/or electrical switching is based on reversible cistrans geometrical isomerisation on uN v Nu double bond upon the pulsed laser light illumination and pure molecular reorientation of the photochromic molecules. It was observed, that there is a strong correlation between the time of OKE signal formation and decay in function of the voltage applied to the sample and what could be expected, that there is no influence of voltage on photoisomerisation of photochromic molecules. High refractive index changes and very short times of OKE signal formation make this material a very promising candidate, for e.g., optical switching or retrieval of optical information. For approving of the switching times in this kind of material further studies like temperature measurements or influence of changes in the length of side chains groups are required. 
